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ABSTRACT

The RB-57F high flying aircraft and its earth
resources sensor payload will be delivered to NASA-MSC in
April, 1969. The Phase 1 payload of photographic, imaging
and spectral sensors is almost identical with the present
P3A (Electra) payload flown out of MSC over earth resources
test sites. However, while a crew of 10-14 operate the P3A
payload, this role plus the guidance of the plane will be
carried out largely by a Model 6211 inflight programmer
computer. The presence of a crew of two on 1969-70 RB-57F test
flight missions will be necessary. Potentially, the aircraft
and its payload could be operated fully automatically during
later test flight phases (without any crew).

It is expected that the experience of the RB-57F
earth resources sensor operation will impact scientific
experimentation in the unmanned earth applications programs
and on manned space stations of the AAP era.
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MEMORANDUM FOR FILE

I. INTRODUCTION

Preliminary information on the RB 57F - NASA Earth
Resources aircraft program was presented by thils writer in
an earlier memorandum.¥ Since then, General Dynamics, Fort
Worth, has contracted with NASA-MSC to modify one RB-57F
aircraft and equip it with a Phase 1 sensor pallet, using
exlsting cameras and other sensors. G.D. has expended some
4,000 man hours of study work to define the $1.7 Million
program. They are presently overhauling the aircraft as-
signed by the U.S. Air Force. As of November 4, 1968, a
mockup of the sensor pallet and the controls in the co-
pilot's station are ready (Fig. 1,2,3). The engineering
drawings are conslidered final, and the procurement phase
(November 68) will be followed by the manufacturing phase
(December 68 through March 69) for a flight test and de-
livery target of April 1969.

The second design and status review held on October
31, 1968, gave the approximately 30 participants from NASA,
Air Force and General Dynamics one more opportunity to
discuss the proposed Phase 1 sensor pallet. Some rearrange-
ments of hardware were suggested, as pointed out below.
This writer was impressed by the detalled planning, especially
relating to the programming of navigation, mission control,
and sensor operation, a good part of which must be considered
applicable to the scientific payload operation on manned
and unmanned orbital platforms and space stations of the
AAP series. The subject will be stressed below.

II. PALLET CONFIGURATION AND GROUND SUPPORT CART

Figure 4 displays the phase 1 sensor pallet, con-
sisting of (1) 6 multispectral 70mm cameras, (2) RS-7 IR

¥B.E, Sabels, The RB-57F Aircraft Program for Earth
Resources Remote Sensing, Case 710, Memorandum for File,
February 16, 1966, Bellcomm, Inc.
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scanner imager, (3) NAS9-6817 IR radiometer, (4) fast-scan
IR spectrometer, (5) 35mm borehole camera, (6) 2RC8 cameras,
IR and BW, (7) APN-159 radar altimeter, (8) varlous support
experiments.

The sensor complement agrees with the present P3A
aircraft payload configuration, except for the radar alti-
meter (7). Therefore, its composition appears to be largely
dictated by availability. The complement, including pallet
structure and support facilitles, exceeds the welght allowance
set forth in 1nitial NASA-USAF agreements. About 2/3 of
the weight 1s contributed by sensors, and 1/3 by support and
structural material, It 1s expected that new, especilally
developed sensors willl be 1Integrated into the Phase 1 pay-
load one by one, replacing the present sensors. Thus, we
wlll gradually arrive at a Phase 2 payload after a number
of substitutions.

Figure 5 glves the air conditioning schematic for
the Phase 1 payload. Windows, spectrometer enclosures,
power supplies and recorders are objects of environmental
control.

The sensor pallet wlll be stationed at NASA-MSC/
Ellington AFB except for milssions and modifications. While
on the ground and 1n transilt, the pallet wlll be housed in
the ground support cart. The cart, described in Figure 6,
allows simulation of alrplane signals, has provisions for
electric power and alr conditioning, testing and data re-
duction equipment. Besldes storage, the cart will make
posslble the testing and operation of equipment on the pal-
let, and the testing of the alrplane and equipment with
the pallet by the side of the aircraft.

ITI. NAVIGATION, STABILIZATION AND RECORDING SYSTEMS

As described 1n another memorandum¥*, the payload in
NASA-MSC's P3A, which 1s identical with the RB57F Phase 1
payload (except for the radar altimeter), requires 10-14
people as operators and displays some 50 square feet of
instrument panel. Considerable automation of navigation,

¥B, E. Sabels, A Typlcal Earth Resources Aircraft Test Flight,
Case 630, Memorandum for Fille, January 1969, Bellcomm, Inc.



BELLCOMM, INC. -3~

operation and recording 1s required to reduce the service
work to the capabllity of one man. Also, the flying alti-
tude and velocity impose increased accuracy requirements on
the navigational system, which can be best solved by
automation.

Figure 7 1llustrates the system cost in dollars for
several systems with navigational error characteristics
given in miles/hour. The automatic navigational system to
be used for the RB5TF is Litton's LTN-51 which 1s presently
belng tested by a major airline. Systems with an accuracy
exceeding the LTN-51's 1.5 nm/h exist, but are classified
and more expensive,

The accuracy analysis of the NASA selected system,
as shown in Figures 8a and 8b yields a total navigational
error of about 2% of the distance travelled, or a 95% posi-
tion probabllity of being within 3.81% of ine distance travelled.
Because the distance between service base and test site will be
about 500-1000 miles, the automatic system wlll deliver
the plane at target within an error circle of about 20 to
40 miles, if no updating occurs. With corrective inputs
from radio beacons etc., the plane can reach 1ts target auto-
matically within a few miles.

The navigational system is 1llustrated in Figure
9. The key role of the programmer computer, autopllot and
navigational computer is clear. Mission and traffic control
1s performed by eight radio links, which are as follows.
UHF radio permits short range voice transmission air-to-air
or air-to-ground, in the 225 to 399.9 mc range. VHF radio
permits voice transmission in the 116 to 149 mec range.
HF radio offers the 2. to 30 mc range for volce, CW or data
communication. VHF Nav provides voice and VOR-LVC navigation
transmission in the 108 to 152 mc range. ADF provides
automatic visual beaming indicatlion of the direction of ar-
rival of RF energy and reception of RF in the range 100-1750
ke. TACAN is the airborne navigation interrogator--responder
providing range, azimuth, and beacon 1dentity information
wlth reference to ground stations. The interphone provides
high intelligibility intercommunication and radio monitor-
ing, and the LFF provides automatic selective i1dentificative
and air traffic control.

The stabillzatlon and holding performance of the
automatic pilot 1s essential for sensor operation. Filgure
10 gives 3 sigma limits for pitch, role and yaw under smooth
and moderately turbulent conditions. Movements of 20-40 mr/sec



BELLCOMM, INC. - b4 -

in roll and pitch appear to be in order. This corresponds
to a relative motion of two to three times the motion due to
the ground speed of the plane. Consequently, the photo-
graphic cameras (RC-8 and Hasselblad) will be stabilized,
probably with the Aeroflex T-28 mount which, however, has
reliability problems.

The recording systems in aircraft and ground cart
are similar and give the second crewman the capability of re-
mote control and oscilloscope display of video data. How-
ever, most service functlons such as calibration, supporting
measurements, camera timing, are initiated and carried out
within the pallet (Figure 13).

IV. PROGRAMMER COMPUTER

The most significant innovation in the earth re-
source sensor payload 1is the programmer computer, that will
in effect take over 90% of the payload operatlional function,
if comparison with the P3A payload and 1ts 10 operations is
made, in addition to operating the alrcraft. The automatic
operation of the RB5TF payload will no doubt affect auto-
matic scientific spacecraft and space station payloads, and
it 1s therefore considered to be very significant.

Figures 12 and 13 outline the programmer functilons.
The Model 6211 inflight programmer is operated by tape that
1s prepared at the USAF Loglstics Command in implementation
of mission objectives. The primary function of the program-
mer is to update the taped program wlth actual flight data,
such as drift, and other corrections, and to put out guidance
and control signals for the operation of the aircraft. In
addition, the programmer inltiates all service and operational
signals necessary for the payload activation. The crew
members have the option to override the computer or to
modify the program at any time. This is their primary func-
tion. Without crew interference, the programmer computer
will guide the aircraft through a flight mission as program-
med by AFLC (AF Logistics Command) .

V. SCHEDULE AND OTHER ITEMS

Figure 14 gives the program completion schedule,
which will probably slip by one month, leading to a delivery
in April 1969, based on a 5-day workweek. Monthly design re-
views are intended. The design was considered frozen with
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the completion of this meeting. JSeveral deslign problems were
addressed, such as the relocation of the RS7 power supply
system to simplify the alr conditioning system, and to

make space available for a dual channel spectrometer. The
size of optical (fused sllica) windows was discussed, which
is critically related to lead time and cost. Procurement
must be initiated now, so that windows and all other items
are at hand by February 28, 1969.

VI. SUMMARY AND CONCLUSIONS

By April, 1969, the NASA Earth Resources Survey
Program will have at 1ts disposal a high flying aircraft
and experimental sensor payload that represents a significant
advance over low flying payloads operated to date, and a step
funetion increase in automation and utilization of man.
Military know-how has been applied to the needs of a civilian
program, and room has been made for improvements of sensors
and capabilities toward manned and unmanned space systems.
Specifically, the off-loading of the crew by computer sys-
tems makes the presence of man for the operation of the
payload and the aircraft almost a matter of cholce.

Clearly, the NASA RB 57F will require an operator
for the key functions of the sensor payload. But the func-
tions of thls operator could be taken over by the computer
as well, 1f desired. Complete computerization of the RB 57F
payload operation may even have some advantages because the
second station operator wlll not be able to act as a tech-
nician nor as a decision maker. Therefore, he 1is little

more than a passenger. \

WM/W
1015:BES:mat . B, E. Sabels

Attachments
Figures 1-14
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